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SUMMARY

A msthod.ispresentedforthedeterminationbyuseofchartsof’
mass-flowcoefficientandassociatedflowparametersfrompressure”
surveys ininternal-floweystems.Forisoenergioflowsthepoint
mass-flowcoefficientisshowntobeanexplicitfunctionofthe
free-streamMachnuniberandofthestatic-pressureandtotal-pressure-
10sscoefficientsatthemeasurementstation.Theseparametersare
easilydeterminedfromthetestdata;hence,theiruseprovidesa
convenientmethodofevaluationof.thepointmass-flowcoefficient.
Thechart~presentedcovera widerangeoftheseparametersthrough
thecompleterengeofsubsonicMachnlu&ers.

Theequationshavealsobeen,qvaluatedforflowswherein
mechanicalorthermalenergyisadded$suchasflowsbehindradiators
orpI?OpelleIX3qThe fundamentalprinciplesmaybe,appliedtothe
measurementofflowfrcmJet-propulsionunits;however,underthese
bonditiotisthemassofthefuelandthechangeinthevalueofthe
ratioofspecificheatsmustbeconsidered.

INTR+UCTIOk

Inthedeterminationofthecharacteristicsandflowquantities
inaircraftinternalsystems,total-endstatic-p~essizresurveyshave
beenu~edextensively.Thepreciseevaluationoftheintern&Ldrag}
themass-flow,andtheflowparametersassociatedwith&ss flowmust
includecodsi.derationofthevariatio~,inairdensity.Becausethis

variationinthedensitycomplicatesthesolutiondftheequations
involved3a largenuniberofstepsi,srequiredforeachpointcomputed.
A methodforthenumericalevaluationofthewake-stieyequations
bymeansofwhichthevaliu$sofpointdragcoefficientcenbeeasily
obtainedfromtablesorcharts,ispreeentqdinreference1. me
itemsnecessaryforthedeterminationofipointdragcoefficientfrom
thesechartsarethemeasuredvaluesofstatic-pressurecoefficient;
titel-pressure-losscoeffici6ntJ~ldfree-stieam”~bchnumber.
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Thepresentpaperpresentsa methodwithchartsbymesmsof
whicl!themass-fbm-coefficient,Inl.et-=velocityratio,andmam+flow
ratecanbequicklyevaluatedina fewstepsbyuseofmeasuredvelues
ofstatic-pressurecoefficientstotal-pressure-losscoeffi.ci.ent,end
free-stresmMachnumber.Theequationshavebeeneveluatedforboth
isoenergicflowsandflowswhereinmechanicalorthermalenergy is
added.Thefundamentalprinciplesmayheapplie~tothomeasurement
offlowfromJet-propulsionunits;however,undertheseconditions
themassofthefuelsndthechangeintheve.lusoftheratioof
specificheatsmustbeconsidered. .,
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SYMBOLS .

.,

speedofsound,feetpersecond

velocity,feetpersecond

Machnumber(V/a)

massdensity,slugspercubicfoot

dynemicpressure,poundsper”squarefoot
()
+2
2

staticpressure,poundspersquarefoot

static-pressurecoefficient
()
Q.%
qo

total.pressure,poundspersquarefoot

.total-premmreloss
!0-9

total-pressure-losscoefficient

area,sqtiarefeet

frontaltiea,squarefeet .

mass-flowrate,slugsp3rsecond[~+]

(.)m“mass-flwcoefficient—
POFVO,

i)

Npointmass-flowcoefficient—
Povo

●
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E

K

.. Fc

inlet-velocityratio .

statictemperature,~ absolute

stagnationtemperature,% absolute

stagnation-temperaturerise,‘F F’-‘Q
ratioofspeciftcheatsjforaiti?’= l.kO

,,
specifich“eatatcon,stantpressure;for
air cp= 6010foot-poundsperslug% ‘ “ ‘

energyinput,foot-poundspersecond ..
., (*) (=--’””’-)ener&-inputfactor

( )compressibilityfactor~

subscripts:

o free-streamstationa
1 entrancestation “,”

● 2. stationinwakewherep2 = p.

K withener~added
Symbol~thoutsubscriptiqdicateslocalvalueatmeasurementstatiom:,~

THEURYA&DMETHOIS .,

Mass-FlowCoefficient,.

$lasicrelations.-The’’~s~-ilowcoefficientisdefinedas

c=-
PCJ?VO,

(1)
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bForconvenienceindiscumingthesolutionofequation(l),
theintegrandisdefinedasthepointmass-flowcoefficientc’:

(X-)Pvc’= G Vo

.($q’’q’i-w

Thenumericalsolutionofequation(1)re@iresanextensivecompu-
tationfordirectuse- Thetermsofthisequationcanbeexpressed
bythefollowingrelations: ..

J?~’=P. 1

J

(bydefinition)~ ;
H2= H,,

(4’’2=(!%?’2’”$ (3)

(4)

andfromthegeneralener~equation,aEIehcwnin
reference2

,.
p21/2 1 + o.20M&~/qo)1/2
() (~= .1+ O.qhi$.+K )

appendixB 0$ .

(5)

whereK istheenergy-input,factor

—.K=!-PE% (6)

~aminattonofequations(2)to (~]showsthatforieoenergic
flows,thepointmass-flowcoefiiciemtisanexp~icitfunctionof
thefree-streamMachnuniber~, thes~tlc-pressurecoefficientP,
andthetotal-preseure-losscoefficient&I/q.atthemeasurement
station.Forflowswhereinener~isadded,theadditionaltermK
inequation(5) mustbeevaluateit.Thepressurecoefficientsused
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aremerelyenexpressionofthemeasureddataincoefficientform.
Theseparameterscanbeeasilydeterminedfromthetestdata;hence,
theiruseprovidesa convenientmewo~forevaluationofthepoint
mass-flowcoefficient.Althoughtheexpressionforthe point
reads-flowcoefficientin terms of these parametersiscomplicated,
thecoefficientcanbereadilycomputedforgivenvaluesofthese
parameters.

$soeneruicflows.-Valuesofpointmass-flowcoefficienthave
beencomputedfora widerangeofvaluesof P and @q. for
givenvaluesoffree-streamwchnutiqrsandareplottedinfigure1.
(SeeappendixB ofrefereqce1 fordetailsofcomputingprocedure.)
Therangeoftatal-pressure-losscoefficienthasbeenextendedinto
thenegativeregion(whichindicatesanincreaseintotalpressure)
topermitdevaluationunderconditionsofnetlowener~input
approachingisoenergicflow.Forconditionsdnderwhichenergyis
added,a correctionfactormnz!tbeapplied“tovalues ofpoint,nviss-
flowcoefficientreadfromfigure1<

Thepointscorresponding’totheattainmentofsonicveioiityat
themeasuringstationhavebeendeei’gna$edbyawws onthecurves
forthevarious values ofstatic-preseurecoefficient.Atvalues
oftotal-pressure-lossgoeffici,entlessthanthoseindicatedbythe

. arrows,supersonicflowexists.Inordertoavoidcon@tionthe
curveshavenotbeenextendedinto$’hesupersonicregion.The
equations’presentedareapplicablet&supersonicflow;however,it

. shouldbenotedthatspecial.methods,maybenecessarytoobtain.
..total- andstatic-pressureeurveysinsupersonicfloti.

,. Theplotsoffig&e1 areforvaluesofMachnuniberinincrements
of0s10.Figure2 presentsthevariaticmofpointmass-flow
coefficient,with~ch num~erforvariousvaluesof P and AH/q
andshowsthatforintermediatevalues‘oftheMachnumber,a“linear
interpolationcanbeusedwithsufficientaccuracyformostpurposes.

~lQwswhereinenerzyisadded.-Equation(1)iscorrectforthe
evaluationofthemass-flowcoefficientforflowstowhichenergy
hasbeenadded,suchasflowsthroughradiatorsorpropellers.The

()

,p21/2
evaluationofthedensityratio (equation(~))underthese

g
conditionsIncludesa term(equation(6)) whichIsa functionofthe ‘

energyinput.
()
p 1/2 ma

Theremainingte~ ~
()
q 1/2

,’ ~“ (equations(3)
. .

and(4))areunaffectedby energyaddition.Theexpressionforthe
● ratiobetweenthepointmass-flowcoefficientwithendwithoutaddition

ofehergyisthen .. !.. ..
..
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c’ ( vp212

.

( 1/2
1 + O.20M02

.)
/ l+o.m&tKj

●

✎

ThisratioIsthusa functiononlyofthefree-streamMachnmber ~
andtheenergy-inputfactorK. A plotofthisratioisgivenfora
range ofvalues of K forvar:ousvaluesof ~ infigure3. T.’he
valueofpointmass-flowcoefficientPortheenergy-addedcondition
canbefoundbymultiplyingthevaluecfpointmm-flowcoefficient
obtainedfromfigure1 bytheappropriatevalueoftheenergy-addition
factorobtainedf’romfigure3. &.

Theenergy-inputparameterK canbe calculatebilrectlyfor
flowcondltionewheretheener~inputish~~j themassflowis ●

measurableandbothareuniformacroeQthesurveyplane.Forflow
conditionswheretheenergyinput3.snotiknownsadwheretheenor~
inputandelemential,maesflowarenotuniform,anevalwtionof .
theenergyparametercanbemadeexperimentallywithrelativeease.

AsIb,showninreference1,theener~parameter(equation(6))
canbewritten

wheretheprimereferstostagnationconditions.Theenergyparameter
is,then,theratioofthQstagnation-temperaturerisetotheabsolute .
stream-statictemperature.Reference1 discussesmethodsformeasurlnfj
theseitems. ,“ ●

~mte~ationtechniques.-Evaluationofthe.totalmase-flewcoeffl-
ci9’ntrequiresthe.integrationofthepoint mea-flow-coefficient
profile.Inasmuchastheevaluationofc’isindependentofthe

.

.-
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integzvationprooessj
considerationofthe
issurveyed.Byuse

choiceofintegrationtechnique“canbemadefrom
wakeprofile@the mannbrb whichthewake
ofvalues‘ofpointmass-flowcoefficientobtained

fromthe-charts-presenteaherein,‘tiev4ue oftotalmass-flowcoeffi-
cientis

whereF istheareaupon
(in thiscaf3etakenas ‘+328

.,

{8)

. . .

whichthemass-flowcoefficientisbased
frontal~ea)..‘“‘ “ ‘
,,. .,

Maimmow .ir[ -’.:C.:.:. .
Themass-flowqatg canhe dit2iin,eiE&& from themass=flow

coeffici,enk:“ ~“’.- :‘“.-m‘- ‘“ ,.
,..

M-“=()m.“ — Ppo ‘.-i......-- Ppo

= cPom~ (9)

Theitfma
operating

flow

PO) Fj and V. arenormallyknownforgiventestor
conditions. .

Inlet-VelocityRatio“ , ;...,,,,,, . .
Thehlet-$elcmltyratio”V1/Vocanbeevaluatedfxcpthemase-..

m ..
coefficiept —P~oJ “thefree-streamMaclInuriberM., andthe.,

M-etareaAl. FromBernoulli’sequation,‘ , ‘, “ .,,

the

the

c-ohtinuity,equation ..... .. ...,. ,,
‘...’ “QoAotiQ=plA~V1,.

.. . . .
.’

,. ..

. . ..-,.
relation .. .,

-. e.=r
~p .... “>:-,... ,,,

.,. T .. :,!’.’ ,.. .,,.
..-. ...”
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andthelsentropicZ%k*SOn

thefollowingrelationisobtained:

Thesolutionofthiseqbationispresentedforfixedvaluesoffree-
streamkchnumberb figurek, TheratioAo/A~latie ms-fl~
coefficient basedontheentrance,-a Al andisobtainedfromtie
mass-flowcoeffici.antasfollows:

(u.)
●

whereF and Al areknownareaedependentupanthegeomet~of
theinstallation.Usingvaluesof Ao/Althusobtainedpermits
thecorrespondingvalueofinlet-velocityratioT~o toberead
fromfigurek atanyvalueof ~.

Itshouldbenotedthatequation(10)includestheassumption
ofisentropicone-dimensionalflowbetweenthetwostationsinvolvefl~.
IsentropicflowOEUIordinarilybeexpectedbetweenthefreestream
andtheentranceofanairinletlocatedattheleadingedgeofa
body,suchasa noseinletorwinginlet.However,forentrance
conditionswhereappreciableenergylossesexist(duetouncontro~ed -
boundarylayer,forexample),equation(10)isnot~trfoflYapplicable
becausethedensitydoeenotvaryaccordingtotheisentropicrelation.
Also,ifundersuchcondj.tionsthevelocitydistributionattheinlet
becomesnonuniform,theparameter‘L~Q tendstoloseita
algnif’icsnae,Forthiscase,measurementofflowconditionsatthe
entrance~ beneceesary.

●

Mot orcss-seotionalareaaqt@23tiQneother~ en-ce cm
beusedin equation(10)(andintileapplicationoffig.k)W obtain .

.
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“ thevelocityatsuohatatt~ pradded that the flowbetweenthe
fme streamandthe~taticnunderconeidprationisapproximately
isenlmopi.c.

NUMERICALEXAMPLES

Isoenenzicflow.-Theuseol?thechartsisillustratedherein
bymesnsofexamples.Thefollowhgconditionsfortheflowthrough
en.airplaneductareassumed: ~ll<%f A<s:lh.?b @fT4h~,,, . ...” b—-—— —.

~=u.70 .“ ~ $E4 L:~FL.k

.

.

.

F = 3 squarefeet. -,.---“~,:
Atthemea- station

A = 2.5 ,sq~e, f’eet
.. -,. .

P =0.75”

. -
Fromfigure1 thevalueofpointmass-flowcoefficientisobtained:

If~forthepurpoeeeoftheexample,
theaveragovalue of point ma8s-flow
totalmass-flowcoefficientbecomes

09383

,,
thisvalueis~s~~a to represent
coefficientintheduct,the

*C=”L ,mA .“”
P#Vo’‘,c T“’”

= 09383+,.. .-
= 0.319
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,,.,.r ;,..- ,,,.- .,.. - ,..,,.,” -. :,,.-’. ......’.’ .. .., .“.’.. ., ... .‘-

. .. . . ,..:..,., ,. .-. ...... ., --- :.,,, ::.
“TW’IBJM6flow:’i is ‘ ““. - - . ‘ . “:”’,, ,.

~ = c1.319po~o
. . . . . .

m

.

=o.3igxo.oo2 x750x 3
.

. ...-,.- , .. .. ..... . .. .7 L.436shagsper,seccmd ..:..4.. .“..: ..
. . . . . . . .
,. - ““ThG”””i.tietiveloci&

cientC intwosteps:

,,..

,.. J.

= 0.957

andfromfi@.n?e4,forthevalue~f ~/A~$
VI.— .0.922V.

FlowwhereinenerRYhasbeenadded.-
oondd.tlonsinthepreceding”kmmple, that

AT’ = ~“ j

Assqme9in addttiontothe

To= ~“ ~ ?ibSOhti

Then
20. ‘K=—.5a0.,

‘.,= o .04.
Fromfiguxw3 forthisvalueof ‘~

I . ..,,..,..,. .... . .,
... .,” . :’+O. ”98? “.., .:” : ,. ...

Thepointmass-flowcoeffici&tii
.’ .... ..

C ‘K = .0 .3.83 X ‘t) *982

= O.376 .

.
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.
Theprocedure

for the isoenergic

-.

f’or de.termimingthe remAnhg items
oa8ecelouktedpreviously.Then,

c = 0.313

= 1.410
; . ~●g3g
Al

9=00893
V.

Theinternsldragcanbe
reference1 byusingthes-

-ey MemorialAeronautical

shagspersecond

n

isthesameas

obtainedfrornchartsortablesin
Initi&l.valuesoftheparameters.

LebOra4xn’Y—
NationalAdvtsoryCom@ttgef~rAe-i’onautic6

LengleyFieldtVa,}May33} 1947

.

.
-.

.



z.Becker,~ohhT●,andT3aak,D&lald@*:4na3yt3iSofHeat*U
CompressibilityEffe&sinthe?CMernall?lawS@temsandHlgh-
SpeedTestsofa Rem&tetSFBteIII~NACARep.No.~ ~ 1943.

.

.



Fig. la

1.3

1.2

1.1

I.0

4>>:
Q

.9

.8

.7

.6

.5

4

.3

.2

.1

0
-.3 -.2 -.1 0 J

~ H/q O

NACA*TN No. 1381

.

Figure I. -Point mass-flowcoefficient

.2 .3

for

4
.

flowl



.

.

.

.

.

NACA ‘TNNO. 1381 Fig. la cone.

I

I

I

I

9 .5 .6 7 .8 .9 1.0 1.1
AH/qO —.—.MATmnumm

.3

.2

1.1

.0

.9

.8

.7

I>>g
QQ

.6

.5

.4

.3

.2

.1

0



Fig. lb

4>>:
Q

1.3

1,2

1.1

1.0

.9

.8

7

.6

.5

g

.3

.2

.4

0

NACA TN No. 1381

.

.

.

-- .3 -2 -.1 0 .1 .2 .3 q.

AH/q.
w- —CaHnmm-m

Figure1.–Continued.



.

.

NACA TN.No. 1381 Fig. lb cone.

.

4 .5 .6 “7 .8 .9 1.0 1.1
~ H/qO SA-.—A

I

I

I

I

.3

.2

.1

.0

.9

.8

.7

4
> >;

.6

.5

.4

.3

.2

.1

0

.



Fig. lC

1.3

1.2

1.1

I.0

4>>:
Q.

.9

,8

.7

.6

.5

4

.3

2

.1

n

NACA TN No. 1381

.

.

.

.

~.3 +2 -.1 0 .[ .2 .3 4

A H/q.
WTK+WSSWOaYcuvirm——

.

Figure i.- Continued.



.

.

.

.

.

NACA TN No. 1381 Fig. lC cone.

4 .5 .6 .7 .8 .9 1.0 1.[
A H/q. NATK+(U MWSOXY

Mol,lm FM MumuTKa

1.3

1.2

1.1

1.0

.9

.8

.7

Q-l
>;

.6

.5

.4

.3

.2

.1

0



*

Fig. Id NACA TN No. 13

.
E
a)

1.3

1.2

1.1

1.0

.9

.8

7

.6

.5

4

.3

.2

.1

o_
-3

FigureI.-

-.2 -.1 0 .1 2 .3 4

~ W ~
UTKUAL MW-Y

W77LI m WIUIU

Continued.

4

.

.



NACA TN No. 1381

.

.

.

. .4 .5 .6 .7 .8 .9 1.0 1.
AHlqO luncuuAWISonv-Q mmIurKa

l?ig. Id COllC.

1.3

1.2

1.1

1.0

.9

.8

.7

Q1
>>:

Q
.6

.5

.4

.3

.2

.1

0



Fig. le

4>>:
Q

1.3

1.2

1.1

I.0

.9

.8

.7

.6

.5

4

.3

.2

.1

0

NACA TN No. 1381. . .

.3 -82 -.1 0 .1 .2 .3
IUTW b5WS0RY

~FaMk3wmcs

4

-.

.

figure I.– Continued.



.

.

.

,

,

NACA TN No. 1381

,-1.

1.

1.

3

2

,1

.0

,9

.8

.7
>
Q

.6

Fig. le cone.

.5

.4

.3

.2

.1



Fig. lf

1.3

1.2

1.1

I.0

.9

.8

7

.6

.5

4

.3

.2

.1

0
-.3 -.2 -.1

NACA TN No. 1381

.

.

0 .1 .2 .3
urlcuu AwKaY

AH/q. mlm-rrl m m-

4 .

Figure1.- Continued.



.

.

.

.

NACA TN No. 1381 Fig. Ifcone.

.3

.2

1.

1.

I

()

.9

.8

.7

Q-l>>:
.6

Q

.5

.4

.3

.2

.1

0
4 .5 .6 7 .8 .9 1.0 1.1-

~ H/q. K4r10NuADVISORYCmDummKwwuTics



Fig. lg NACA TN No. 1381

-.

1.2

1.1

1.0

,9

.8

7

.6

.5

4

.3

.2

.1

0
-.3 -.2 -.1 0 .1 .2 -3 ZJ

~ 1+/q. di%a-mw=s

.

..

‘

<

Figure I.- Continued.



●

✎

.

.

NACA TN No. 1381 Fig. lg cone.

.

4 .5 .6 7 .8 .9 I.o 1.1 1.2
4 VI. NA-Anv150nvcaamulm~

2

,1

.0

,9

.8

.7

.6

.5-

.4

.3

.2

.1

0

>
Q

>:

Q



Fig. Ih

QJ>>:
Q

1.2

1.1

!,0

.9

.8

.7

.6

.5

.4

.3

NACA TN No. 1381

.

,

,

.2

.1

0.-.3 -.2 -.1 0 .1 ,2 .3 4
~ H/q. NATlOUM mmc.rw

cc+9mla Im-Ks

.

—

.

FigureI .- Continued.



NACA TN No. 1381 Fig. lh cone.

1.2

1.1

I.o–

.9

.8

>:

Q

0
4 .5 .6 .7 .8 .9 I.o “AT_l~m 1.2

~ H/f. —m-us

.7
>’
Q

.6

.5

4

.3

.2

.1



Fig. Ii

,-
I.z

1.1

1,0

.9

.8

.7

.6

.!5

“4

.3

.2

.1

0

NACA TN NO. 1381

.

-.3 -.2 -.1 0 .1 .2 .3 4
N4T10NU MVISCWY

~H/qo

OM!Mm m J&wmc5

.

---2--.;—..

.-

.

?

E

FigureI .-Continued.



NACA TN No. 1381

.

●

●

✎

. .

Fig. li cone.

1.

1.

II

4 .5 .6 7 .8 .9 1.0 1.1 1.2
~ H%~ MATlcuuAOvlsOwCc+ulrmmuMmu-nc8

2

!1

,0

.9

.8

.7

.6

.5

.4

.3

.2

.1

0



Fig. lj

>
Q

“

1.2

1,1

1.0

.9

.8

7

.6

.5

4

.3

.2

.1

0

—.

1381

.
x -.:

.-..-

-.3 -.2 -.1 0 .1 .2 .3
wxrwllbl b#iiKaYa H/q. mmlnarm —

Ficjure1.-Continued.

4

-.

.

*

. .

“9
,

.
.

s



NACA TN No. 1381

. .
.

\\

\
\
“>.

34.—-.

,*

●

●

● O

Fig. lj cone.

4 .5 .6 .7 .8 .9 1.0 1.1 1.2
~H~n !UTmAmlsOm

cc41xmQlu-Ka

.2

1.I

1.0.

.9

.8

.6 ‘

.5

.4

.3

.2

.1

0



Fig. lk NACA TN Nc. 1381

.

.

QI>>:
Q

1.1

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

c)
-.3 -.2 -.1 0 .1 .2 .3

Al-l/q. “’m—’CnOmrm m AmmO’rbx

Figure I .- Comluded. .

.

●

.4
●



●

NACA TN No. 1381 Fig. Ik cone.

I

I

.1

.(3

.9

.8

.7

.5

.4

.3

.2

.1

0
4 .5 .6 .7 .8 .9 1.0 1.1 1.2 l.3-

~ H/q.
KATICNJLmsOaYaalln’nm—KS



1.4

1.2

LO

.0

Y-&-

.6.

.4

.2

0

. .-

0 .2 # .6 .8 (.0
M. M.

Figure 2.- Van’a*ion of point mass-flow coefficient with Moth number for various values .
of sdwtic-pressure and total-pressure-loss coefficients.

. . . . .



Lo .

A-
C’ .9

.8

I

I

1

0 .1 .2 .3 .4 ..5

Energy - input factor ~K NATtONAL ADVISORY
amwrrEEFw MmNAuTKS

Figure 3 .- Energy - addifion correction facfo r fir poj~ moss-flow coefficient.



‘o .1 .2

Figure 4.-Chart for

.3 4 .5 .,6 ,7. ,8 .9 1.0 1.1 1.2

converting mass-flow coefficient to inlet-velocity

supersonic flow at station I.

. .

rutio. Broken line

1

.4

,3

.1
VJ
V9

o

1.3’

indicates

a .


